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Abstract : The influence of the larval density and the food amount on some attributes of the 
population of Aedes albopictus was experimentally studied. Prolongation of larval period, 
increase of mortality in the larval stage, miniaturization of resulting adults, reduction of 
the number of ovarioles and the delay of maturity of follicles were generally observed in the 
experimental lots with high larval density and small food amount. There was also a tendency 
that, in the experiment without renewing food and rearing water, the larval mortality became 
higher and the larval period became longer with increasing larval density, even when the 
amount of food per larva was the same. However, this tendency became inapparent in the 
experiment with renewing food and rearing water every day. These facts confirmed earlier work- 
ers’ findings that mosquito larvae excrete the chemical substance suppressing the development 
of other individuals in the crowded condition. The feeding activity and the migrating rate of 
females resulting from low larval densities were compared with those from high larval densities 
by the experiment in the laboratory and the mark-release-recapture method in the field. The 
blood feeding became active earlier after emergence in females from the low larval density 
than in those from the high density. The number of recaptured females from the low larval 
density was largest on the next day of the release while the largest number of females from 
the high larval density was recaptured 2 days after the release. It was also indicated that 
females from high larval densities disperse more often for a considerable distance than those 
from low larval densities. The density effect, often in association with starvation, is considered 
to act on the population of Ae. albopictus very commonly in the field, because the amount of 
food is limited in the small container that is the main breeding site of this mosquito. These 
effects of high larval density and food shortage would stabilize the population density of pupae 
and adults of Ae. albopictus. 


Aedes albopictus is known as a vector of dengue fever in Southeast Asia, and it is also 
said that this species played a major role in the transmission of the dengue fever that prevailed 
in Japan during the World War II. Ae. albopictus is a common species in southern Japan, 
and the larvae of this mosquito breed in any kind small artificial containers around the human 


habitation. The adults of Ae. albopictus live in such places as the thicket and the bamboo 
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grove near the breeding site, and take blood in the daytime from men or animals coming 
near to these places. 

When the seasonal abundances of immature stages and adults were observed, it was 
found that the eggs hatched simultaneously just after the rain and the larval population often 
fluctuated remarkably, but the pupal and adult populations were almost stable throughout 
the season (Mori and Wada, 1978). The reason for the stability of the populations of pupae 
and adults may be that some regulation mechanism acts on the population of this mosquito 
larvae. This mechanism seems to be intraspecific competition inherent in the population of 
Ae. albopictus itself, because this mosquito is free from the severe predation in the breeding 
site, for example, by fish, dragonfly nymphs and water beetles. There are many earlier 
works about intraspecific competition among mosquito larvae, and it is suggested that mos- 
quito larvae under the condition of overcrowding and starvation excrete the chemical substance 
which may suppress the development and survival of other individuals (Ikeshoji and Mulla, 
1970 a & b; Moore and Fisher, 1969; Moore and Whitacre, 1972). 

To know the influence of the larval density on the development and survival possibly 
through the chemical substance, the larvae were reared with various larval densities and food 
amounts. Also, experiment were carried out by the mark-release-recapture method to make 
clear the influence of the larval density and the amount of food on the feeding physiology 
and the dispersal behaviour of resulting adults, because few studies on this aspects have been 


reported. 


MATERIAL AND METHODS 


Experiment-1. The influence of larval density and food amount, when food and water were 
not renewed. 

The strain of Ae. albopictus, used in this experiment, was obtained originally from 
Amami-Oshima Island. The eggs, not older than 14 days from oviposition, were collected 
from the laboratory colony and allowed to hatch in tap water. The larvae that hatched within 
12 hours were put into glass vials, 7.5 cm in diameter, containing 200 ml water with powdered 
mouse pellets as food for larvae. The larval densities of 16, 64 and 256 per vial were combined 
each with the food amounts of 8, 32, 128 and 512 mg powdered mouse pellets. The food 
was never renewed nor added during the experiment. Rearing water was not changed either, 
but the evaporation loss was filled up with tap water every day. To prevent the formation of 
scum on the surface of water, each glass vial was provided with an aeration system that 
flowed out small bubbles from the open end in the water. The pupae were put into water in 
small plastic vials after recording their number each day, and emergence was awaited. The 
resulting adults were recorded by their sex and number each day, and the females were 
transferred to small cages and provided with a maintenance diet of 2% sugar solution. After 
3 days rearing, they were anesthetized and kept at —20C. Several days later, the lengths of 
their wing, thorax and hind femur were measured, the number of ovarioles was counted, 
and the developmental stage of follicles was observed. This experiment was conducted in an 
air-conditioned laboratory, which was maintained at 25C, 70% RH and LD 16:8. 
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Experiment-2. The influence of larval density and food amount, when food and water were 
renewed every day. 

The material and methods in Experiment-2 were the same as in Experiment-1, except 
for the following points. First, the lowest density level was 4 larvae per vial, not 16 larvae 
as in Experiment-1. Secondly, powder of Brewer’s yeast was used as food for larvae instead 
of powdered mouse pellets, and the prescribed amount of food and the rearing water were 
renewed every day. Thirdly, the larvae in each developing stage were counted every day on 


renewing water, and dead larvae and pupae were taken away at that time. 


Experiment-8. The influence of larval density and food amount on the feeding activity of resut- 
ing females. 

This experiment was conducted in an air-conditioned laboratory maintained at 25C, 70% 
RH and LD 16:8. The strain of Ae. albopictus used was originated from Nagasaki. The 
larvae were reared at two different density levels. In the low density lot 100 first instar 
larvae that hatched within 24 hours, and in the high density lot 4,000 first instar larvae, 
were put into a plastic tray, 40x30x6cm, with 4,000 ml water. The larvae were given 0.4g 
equally mixed powder of Brewer’s yeast and mouse pellets as food in each tray every day 
without renewing the rearing water. The number of larvae for low and high density levels, 
100 and 4,000 larvae per tray, were determined according to the observation in the field 
(Mori and Wada, 1978). The low density level was slightly lower than the mean larval density 
in 500 ml glass vials in the field in early summer when larvae developed with little mortality, 
and the high density level was nearly equal to the mean density in mid-summer when the 
density became the highest in the year. 

The adults that emerged within 1 hour were taken out 10 days after hatch in the low 
density lot, and 13 days and also 15 days after hatch in the high density lots. They were 
called low density, high density-I and high density-II, respectively. In the low density lot, 
most females emerged 10 days after hatch, but in the high density lots, females emerged from 
12 days after hatch, so that the high density-I was from the early part of the emergence curve 
and the high density-II was from the part just before the peak of emergence. 

The adults were provided with 2% sugar solution as food. Females were given, 24 
hours after emergence, a mouse as a blood meal for 1 hour. Fed females were transferred 
to another cage. The remainders were given a mouse again 48 hours after emergence, and 
fed females were taken out. These procedures were repeated at 24 hour intervals until 120 
hours after emergence. Fed females were dissected for the development of ovaries 3 days 


after blood feeding. 


Experiment-4. The influence of larval density and food amount on the behaviour of resulting 
adults. 

The larvae were reared to adults in the same condition as in Experiment-3. The outline 
of this experiment by the mark-release-recapture method is given in Table 1. One thousand 
females and 1,000 males in the low density lot, 500 females and 1,000 males in the high 
density-I lot and 1,000 females in the high density-II lot were differently marked to distinguish 
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Table 1. Outline of experiment to examine the difference of dispersal ability among 
females Aedes albopictus resulting from different larval densities. 


No. released 
Larval and pupal Mark Date of 


Larval density/tray 


period (days) Females Males release 

Lir, 100 10 1,000 1,000 ‘bees Blue AFX September 6, 1977 
0.9% Whitex BB 

High-I 4,000 13 500 1,000 pmen Rhodamine B September 6, 1977 
0.9% Whitex BB 

High-II 4,000 15 1,000 0 hee Yellow 8G September 8, 1977 
0.9% Whitex BB 

the lots, and released on the day of emer- N 

gence at a thiket in the campus of the 0 100M 

Nagasaki University School of Medicine. CIBuILDINGg Ñ 


ZATHICKET 


Fig. 1 shows a map of the experimental 
site. Outside of this map is surrounded by 


private houses. Adults of the low density 


and the high density-I were released on 


the same day, and 2 days later the high 


density-II were released. 


Recapture catches were continued for Fig. 1. A map of the campus of Nagasaki 
University School of Medicine, show- 


16 days from the next days of releasing | i : 
ing a releasing site and collecting 


adults of the low density and high density-I. sites of the mark-release-recapture 
So, the trials of recapture catches for experiment of Aedes albopictus. 
females of the high density-II were for 14 Mosquitoes WAE released at : ; 
and biting collections were carried 
days. One collector caught females coming out at “A”, “B” and “C”. 

to feed on him, and males swarming 

around, by using a small net and a suction tube for 15 minutes from 3:00 PM each day. 


Collected mosquitoes were killed and examined for their mark. 


RESULT 


Experiment-1. The influence of larval density and food amount, when food and water were not 
renewed. 

The larval and pupal mortalities and the rate of adult emergence are given in Table 2. 
If compared among the lots with the same larval density, the larval mortality was higher 
when less food was given, and if compared among those with the same food amount per vial, 
the mortality was higher when larval density was higher. The minimum amount of food 
sufficient for the completion of larval development seems to be around 2.0mg per larva, in 
view of larval mortality. However, there was a tendency that the larval mortality became 
higher with increasing larval density, even when the amount of food per larva was the same. 


This seems to indicate the density effect on the rate of adult emergence. Any remarkable 
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Table 2. Mortalities of Aedes albopictus larvae and pupae reared at various larval densities 
with various amounts of food (powdered mouse pellets), when food and rearing 
water were not renewed during the experiment 


Larval Food per Food per No. of Total no. Larval No. of Pupal No. of adult Adult 
density vial(mg) larva replica- of larvae mortality pupae mortality emergence 
(mg) tions (679) (%) Males Females Total (%) 
16 8 0.5 6 96 32.3 65 7.7 27 33 60 62.5 
16 32 2 6 96 9.4 87 2.3 39 46 85 88.5 
16 128 8 6 96 12.5 84 4.8 39 41 80 83.3 
16 512 32 6 96 9.4 87 1.1 39 47 86 89.6 
64 8 0.125 3 192 85.4 28 3.6 10 17 27 14.1 
64 32 0.5 3 192 78.6 41 9.8 25 12 37 19.3 
64 128 2 3 192 2.1 188 1.1 95 91 186 96.9 
64 512 8 2 128 0.0 128 0.0 70 58 128 100.0 
256 8 0.031 3 768 99.6 3 0.0 1 2 3 0.4 
256 32 0.125 3 768 94.8 40 7.5 T4 23 37 4.8 
256 128 0.5 3 768 91.8 63 3.2 11 50 61 7.9 
256 512 2 3 768 8.1 706 0.6 293 409 702 91.4 


relation was not recognized between the larval density and the pupal mortality (the rate of 
the number of dead pupae to that pupated). 

To observe the state of adult emergence, the daily frequency distribution of adult 
emergence in each lot is shown in Fig. 2. The emergence of adult occurred concentrically 
in the early days after hatching in the lots with much food (2 mg or more) per larva. On 
the other hand, in the lots with 0.5 mg or less food per larva, the emergence of adults was 
generally delayed and scattered in time. However, the remarkable difference in the daily 
frequency of adult emergence is not recognized among the lots with the same amount of food 
per larva. 

In Table 3, the shortest developing periods in females and males in each lot are shown 
from Fig. 2. In the female, the period was nearly the same among the lots with much food 


(2mg or more) per larva, but it was delayed in the lots with a little food (0.5 mg or less) 


Table 3. Shortest intervals from hatch to Table 4. Median intervals in days from to 
emergence in days of females (and emergence of females (and males) 
males) of Aedes albopictus reared of Aedes albopictus reared at various 
at various larval densities with larval densities with various amounts 
various amounts of food, when food of food, when food and rearing 
and rearing water were not renewed water were not renewed during 
during the experiment the experiment 

Larval : ‘Larval 
density density 
16 64 256 16 64 256 
Food Food 
per vial(mg) _ = ーー per vial(mg) 
8 149) 27(26) 82(84) 8 29.5(21.9) 54.0(27.6) 82.5*(84.0)** 
32 9(8) 24(10) 42(10) 32 10.9( 8.6) 25.5(24.6) 58.0 (24.3) 
128 9(9) 10( 9) 26( 8) 128 10.1( 8.9) 14.3( 9.4) 47.3 ( 8.6) 
512 9(8) 11010) 9( 8) 512 9.8( 8.7) 11.6(10.5) 12.2 ( 9.3) 


* Mean of two females 
** Only one male emerged 
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LARVAL 
DENSITY 16 a 256 
FooD PER 
VIAL (MG) 
20 Foon 0.5 MG/LARVA Foon 0,125 Me/LARvA | Foop 0.031 MG/LARVA 
ーー 8 
Foop 2 MG/LARVA Foop 0.5 MG/LARVA Foop 0.125 Me/LARVA 
32 
ら 
a Foop 8 MG/LARVA FooD 2 MG/LARVA Foop 0.5 MG/LARVA 
ヴ 
i 
128 
40 
20 Foop 32 Me/LARVA Foop 8 Me/LARVA Food 2 Me/LARVA 
0 512 
20 
40 
ニー コー ドド ュー ニュ ルー ーー ョ に ーー ニコ トー ニー ビル ーー ニー ドー ーー 
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 
DAYS AFTER EMERGENCE 
Fig. 2. Effects of larval density and food amount on the frequency distribution 
of adult emergence of Aedes albopictus, when food and rearing water 
were not renewed during the experiment. 
Upper, females; lower, males 
per larva especially at high density levels. There was not a great difference in the male 


except for the lots with 8 mg food : 64 and 256 larvae, in which the emergence was very 
much delayed. 

Median intervals between hatch and emergence of females and males in each lot are 
shown in Table 4. The difference in interval was only slight among the lots with much food 
(2 mg or more) per larva. In all the lots with a little food (0.5mg or less) per larva, the 
intervals were generally long, and there was a tendency that they became longer with increas- 
ing larval density in females, but not in males. The reason for the difference between the 
sexes is not clear. 


Since it was supposed that the larval density might have an influence on the flight 
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ability of resulting adults, the size of females was measured. The result for the wing length 


is shown in Table 5. It seems that big adults generally resulted from the conditions with low 


density level and much food during the developing period, except for the lot with 32 mg 


food : 64 larvae per vial, from which very large adults emerged. In Table 6, the length of 


scutum of resulting females, and in Table 7, the length of hind femur are given. These 


lengths showed similar tendency to the wing length in Table 5. The ratio of the wing length 


to the scutum of hind femur length tended to change with the general size of females, but 


any particular difference in the tendency was not shown among the females from various 


larval density levels. Therefore, it could not be demonstrated that the larval density influences 


the flight ability of resulting adults, as far as the wing length relative to the scutum of hind 


femur length is concerned. 


It was thought that in the lots with 
insufficient food for all larvae to complete 
the development, many larvae died due to 
the shortage of food, and a few survivors 
developed to adults by feeding on those 
dead larvae. It was observed that adults 
which emerged later were bigger than those 
earlier in the same lots. An example is shown 
in Fig. 3, which shows the lengths of the 
wing and hind femur of females that emerged 
10—11 days and 24—25 days after hatching 
in the lot with 128 mg food : 64 larvae. 
The females in the latter had bigger wings 
This 


may explain the reason for the females of 


and hind femora than in the former. 


Table 5. Wing lengths (mean [mm] +95% 


confidence limit) of females of 
Aedes albopictus reared at various 
larval densities with various amounts 
of food, when food and rearing 


water were not renewed during the 


Table 6. Scutum lengths (mean [mm] +95% 
confidence limit) of females of 
Aedes albopictus reared at various 
larval densities with various amounts 
of food, when food and rearing 
water were not renewed during the 
experiment 
Se Larval | 
~ density 
3 16 64 256 
Food ae 
per vial(mg) 
8 0.93 土 0.05 0.88+0.06 0.84* 
32 1.01 土 0.03 1.15+0.02 0.97 土 0.04 
128 1.32+0.02 1.083+0.02 1.01 土 0.10 
512 1.35+0.01 1.29 土 0.02 1.07 土 0.02 


* Mean of two females 


experiment 
Larval 
density 
16 64 256 
Food 
per vial(mg) = 7 
8 2.19 土 0.09 2.08+0.10 2.09* 
32 2.35 土 0.06 2.64 土 0.04 2.32+0.09 
128 2.90 土 0.04 2.42 土 0.05 2.3340.25 
512 2.96 土 0.03 2.82 土 0.03 2.43 土 0.04 


* Mean of two females 


Table 7. Hind femur lengths (mean [mm] + 
95% confidence limit) of females of 
Aedes albopictus reared at various 
larval densities with various amounts 
of food, when food and rearing 
water were not renewed during the 
experiment 
N Larval 
density 
16 64 256 
Food 
per vial(mg) _ 
8 1.82+0.08 1.69 土 0.10 1.62* 
32 人 1.96 土 0.05 2.20 土 0.04 1.91 土 0.09 
128 2.43 エ 0.04 1.98 土 0.03 1.98 土 0.02 
512 |2.42 土 0.04 2.3140.02 2.00 土 0.04 


* Mean of two females 
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exceptionally large size in the lot with 32mg food : 64 larvae as mentioned above. 


To know the difference in fecundity, the numbers of ovarioles were compared among 


resulting females in lots with different larval densities and food amounts. Table 8 shows the 


mean number of ovarioles in one of the two ovaries in females kept with 2% sugar solution 


for 3 days after emergence. When much food was given per larva in the larval period (low 


larval density and much food per vial), resulting females had many ovarioles. But any tendency 


was not recognized in the relation between the larval density and the number of ovarioles 


among lots in which the amount of food per larva was the same. 
g p 


The developmental stage of follicles in the ovary of females 3 days after emergence is 


shown in Table 9. The development of follicles was more advanced, when the larvae were 


bo 
r= 
ーー 


Table 8. 


Mean numbers of ovarioles +95% 


2 る donfidence limit in one of the two 
る e* e* ovaries in females of Aedes albo- 
E 7 o’, pictus reared at various larval densi- 
99 s er ties with various amounts of food, 
S ' | 9 when food and rearing water were 
< e っ = e not renewed during the experiment 
= o °$ o Larval 
Ge er g ®,。 density 
a 04 Q80 16 64 256 
ン oo 0 Food 
T a sek 2 per vialCmg) 
1.8 ニニ Se 1 
2.0 22 2.4 2.6 2.8 8 31.7+3.3 30.3 土 7.1 26.0* 
WING LENGTH MM) 
A ; > .0 土 3. .0 土 4. .8 t0. 
Fig. 3. The difference of sizes between a2 SEES Oh OEE 00! 
females emerging early and late in 128 69.8 土 2.8 43.9 土 2.9 42.548.7 
lot with 128mg food per vial and 64 
・ 512 68.4 土 3.4 60.7 土 2.7 43.8 土 3.0 
larvae per vial. 
O, Emerging early; @, Emerging * Mean of two females 
late 
Table 9. Developmental stages of follicles in an ovary of females of Aedes 
albopictus 3 days after emergence reared at various larval densities 
with various amounts of food, when food and rearing water were 
not renewed during the experiment 
Earyal Food pee - Percentage of each developmental stage of follicles* 
density vial (mg) N I II III IV y 
16 8 100.0 
16 32 3.3 96.7 
16 128 43.3 26.7 30.0 
16 512 33.3 40.0 23.3 3.3 
64 8 100.0 
64 32 100.0 
64 128 90.0 10.0 
64 512 83.3 16.7 
256 8 100.0 
256 32 91.7 8.3 
256 128 100.0 
256 512 96.7 3.3 


* The definition of the developmental stages 


is followed af 


ter Kawai (1969) 


93 


reared at low density and large amount of food than at high density and small amount of food. 
For example, in the lot with 512 mg food : 16 larvae or 128 mg food : 16 larvae, besides 
stage I and II follicles some females had stage III and a few had even stage V. On the other 
hand, in the lots with high larval or small amount of food, most females had stage I follicles, 


and only a few females had stage II. 


Experiment-2. The influence of larval density and food amount, when food and water were 
renewed every day. 

Table 10 shows the larval and pupal mortalities and the rate of adult emergence. The 
larval mortalities were low as a whole, except for the lot of 8 mg/256 larvae/day, in which 
the food may have been short for the sound development of all larvae. The mortality was still 
low even in the lot with such a small food amount as 0.125 mg per larva per day (32 mg/256 
larvae/day), therefore 0.125 mg, or slightly less, food per day may at least be necessary 
for one larva to develop soundly. If compared among the lots with the same amount of food 
per larva, any tendency in the larval mortality was not recognized. 

The pupal mortality, as expressed by the rate of the number of dead pupae to that 
pupated, was slightly higher in the lots with higher larval density, irrespective of the food 
amount. 

The emergence rate were over 90%, except for 74.0% in 8 mg/256 larvae/day and 
87.0% in 512 mg/256 larvae/day. This fact indicated that when enough food is supplied and 
the rearing water with larval excreta is renewed every day, the larval density dose not greatly 
influence the emergence rate. 

To know the state of larval development, the age composition on each day is shown in 
Fig. 4. The delay of the development was recognized in the lots with 0.125 mg food or less 
per larva (8 mg/64 larvae, 8mg/256 larvae and 16 mg/256 larvae) per day. In those lots, the 


larvae normally developed in early instar period, but the duration in the 3rd or 4th instar 


Table 10. Mortalities of Aedes albopictus larvae and pupae reared at various 
larval densities with various amounts of food (Brewer’s yeast), 
when food and rearing water were renewed every day 


Larval Food per Food per No. of Total no. Larval No. of Pupal No. of adult Adult 

density vial per larva per replica- of larvae mortality pupae mortality i emergence 
day(mg) day (mg) tions (%) (%) Males Females Total (%) 

4 8 2 16 64 1.6 63 0.0 28 35 63 98.4 

4 32 8 10 40 2.5 39 0.0 16 23 39 97.5 

16 8 0.5 6 96 2.1 94 0.0 50 44 94 97.9 

16 32 2 6 96 2.1 94 0.0 41 53 94 97.9 

16 128 8 6 96 5.2 91 Tat 49 41 90 93.8 

16 512 32 6 96 1.0 95 0.0 51 44 95 99.0 

64 8 0.125 3 192 3.1 186 1.6 114 69 183 95.3 

64 32 0.5 3 192 2.6 187 0.5 107 79 186 96.9 

64 128 2 3 192 1.0 190 6.3 89 89 178 92.7 

64 512 8 3 192 1.0 190 4.2 92 90 186 94.8 

256 8 0.031 3 768 20.1 614 7.5 328 240 568 74.0 

256 32 0.125 3 768 3.4 742 3.2 390 328 716 93.5 

256 128 0.5 3 768 2.9 746 2.3 371 358 729 94.9 

256 512 2 3 768 7.6 710 Bye) 392 276 668 87.0 
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larvae was very much prolonged. Therefore, it can be said that in these situations the food 
amount per larva was enough for all larvae in early instar periods, but became short for older 
instars. The time of larval death was not found concentrated at any special time, but scattered. 
The first instar larvae scarcelly died. 

The shortest developing period of females or males was not very different among the 
lots, except for 8 mg/256 larvae/day, in which it was much delayed. 

Median intervals between the hatch of larvae and the emergence in females and males 
are shown in Table 11. There was a tendency that generally the interval became longer with 
the increasing larval density and with the decreasing food amount per vial. The median 
interval in the lot with 8mg food/256 larvae/day was as long as 35.7 days. It was suggested 
that the larval density was high and the food amount was not enough for all larvae, the larvae 


developed little by little. 
Table 12, 13 and 14 give the lengths of wing, scutum and hind femur of resulting 


LARVAL 
DENSITY 4 16 64 256 FOOD PER 
NN i LARVA PER 
DAY (MG) 
B 50 / 4 8 
SWS 
の 0 
T 10 
Q s 
回 50 32 
$ 
8 0 J 
ら 
< 128 
ロ 
Z 
[fà] 
Q 
[ss] 
回 
| 
15 5 10 15 
DAYS AFTER HATCH 
Fig. 4. Age composition of Aedes albopictus reared at various larval densities 
with various amount of food, when food and rearing water were renewed 
every day. 
Arabic numerals indicate larval instars; P=pupa 
Table 11. Median intervals in days from hatch to emergence of females (and 
males) of Aedes albopictus reared at various larval densities with 
various amounts of food, when food and rearing water were 
renewed every day 
i ee Larval density | 
vial per day (mg) 
8 8.9 € 8.4) 9.6 〈 8.6) 16.2 (12.3) 35.7 (25.3) 
32 8.6 ( 8.5) 9.1 € 8.5) 9.8 ( 8.5) 14.8 (10.1) 
128 9.7 ( 9.3) 9.9 ( 8.9) 10.4 € 9.2) 
512 9.6 C 8.8) 10.2 € 9.2) 10.6 ( 9.6) 
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females, respectively. All lengths became bigger with the decreasing larval density, and 


with the increasing food amount. But, there was not any tendency between any one of the 
lengths and the larval density among the lots with the same amount of food per larva. It is 
again seen from these Tables, that the food supply was insufficient for normal development 
in the lot with 0.125 mg per larva per day, because resulting females were smaller than those 


from any other lots. 


The number of ovarioles in one of the two ovaries in resulting females is given in 


Table 12. Wing lengths (mean [mm] + 95% confidence limit) of females 


of Aedes albopictus reared at various larval densities with various 


amounts of food, when food and rearing water were renewed 


every day 
ER Larval density 
Food eee Stn 4 16 64 256 
vial per day on ie g 
8 2.90+0.03 2.73 土 0.03 2.39 土 0.04 2.00 土 0.03 
32 2.9140.04 2.97 土 0.04 2.90 土 0.03 2.48 土 0.03 
128 2.93 土 0.03 2.93 土 0.03 2.82 土 0.02 
512 2.86 土 0.03 2.85 土 0.03 2.89 土 0.03 
Table 13. Scutum lengths (mean [mm] + 95% confidence limit) of females 
of Aedes albopictus reared at various larval densities with various 
amounts of food, when food and rearing water were renewed 
every day 
ia density n 7 Da ーー l = 
4 16 64 256 
Food per 
vial per day (mg) e ee i E ee 
8 1.29+0.01 1.24+0.01 1.05 土 0.02 0.83 土 0.02 
32 1.29+0.02 1.38 土 0.01 1.33+0.01 1.08 土 0.02 
128 1.3340.01 1.3540.01 1.26+0.01 
512 1.32+0.01 1.32+0.01 1.32 土 0.02 
Table 14. Hind femur lengths (mean [mm] + 95% confidence limit) of fe- 
males of Aedes albopictus reared at various larval densities with 
various amounts of food, when food and rearing water were 
renewed every day 
Oe density | ー = = : í 
Bodner Re 4 16 64 256 
vial per day (mg) wees _ ane 
8 | 2.39 土 0.05 2.30 土 0.04 2.00 土 0.03 1.65 土 0.03 
32 | 2.45 土 0.03 2.47 土 0.03 2.41 土 0.03 2.05 土 0.02 
128 | 2.41 土 0.04 2.43 土 0.02 2.33 土 0.02 
512 2.3940.03 2.39 土 0.03 2.43 土 0.02 
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Table 15. The clear positive correlation was observed between the number of ovarioles (Table 
15) and the body size of females (cf. Table 12, 13 and 14). 

Table 16 shows the developmental stage of follicles in the ovary of females 3 days after 
emergence. The follicles were much advanced in development in the females from the lots 
with low larval density and much food, but any tendency was not recognized in the relation 
between the larval density and the developmental stage of follicles among the lots with the 
same amount of food per larva. This fact implies that the follicles rapidly developed, so that 
the interval between emergence and blood feeding is short, when the females are reared in 


the favourable condition during their larval stage. 


Experiment-3. The influence of larval density and food amount on the feeding activity of resulting 
females. 


Fig. 5 shows the accumulative percentage of blood feeding in females. None of the 


Table 15. Mean numbers of ovarioles + 95% confidence limit in one of the 
two ovaries in females of Aedes albopictus reared at various larval 
densities with various amounts of food, when food and rearing 
water were renewed every day 


Larval density 
Food per 4 16 64 256 
vial per day (mg) 
8 67.8 土 2.9 60.4 土 2.6 38.6 土 2.2 24.9 土 1.9 
32 73.4 士 2.8 71.8 土 3.9 67.342.5 41.1+1.6 
128 72.3 土 2.5 71.2 土 2.3 61.5 土 1.6 
512 68.0 土 2.8 69.7 土 2.8 68.5 土 2.2 


Table 16. Developmental stages of follicles 3 days after emergence in an 
ovary of females of Aedes albopictus reared at various larval 
densities with various amounts of food, when food and rearing 
water were renewed every day 


Larval Food per Percentage of females with each developmental stage of follicles* 
density vial per 
day (mg) N I II III IV V 
4 8 96.7 3.3 
4 32 91.3 8.7 
16 8 93.3 6.7 
16 32 56.7 43.3 
16 128 63.3 30.0 6.7 
16 512 86.7 10.0 3.3 
64 8 100.0 
64 32 80.0 20.0 
64 128 86.7 13.3 
64 512 90.0 10.0 
256 8 16.7 83.3 
256 32 100.0 
256 128 100.0 
256 512 96.7 3.3 


* The definition of the developmental stages is followed after Kawai (1969) 


97 


females in all the lots took blood 24 hours after emergence. The feeding rate 48 hours after 
emergence was 36.6% inthe females of the low density lot, but only 6.7% of the high density-I 
and 4.7% of the high density-II took blood. The feeding rate 72 hours after of the high 
density-I increased to 40.0% and the high density-II to 25.1%, while that of the low density 
lot was 59.7%. Accordingly, there was a great difference in the feeding activity between 
the low and the high density lots also at this time. The feeding rate in the females of the 
low density lot was still higher than that of the high density-I or the high density-II 96 and 
120 hours after emergence, but the difference in the feeding rate became a little smaller. 
Thus, the pre-feeding period in the females of the low density is apparently shorter than 
that of the high density-I and especially of the high density-II.. The difference in feeding 
activity between the low density and the high density-I and -II is clearly attributable to the 
different speeds of follicular development. 

The females were dissected 3 days after blood feeding to observe whether they developed 
mature eggs or not. The result is given in Table 17. The rate of failing to form mature 
eggs was higher in the high density lots than in the low density lot. This fact suggests that 
the follicles in some females do not develop mature eggs by the first blood feeding and 
require two or more blood meals for the maturation of eggs, consequently their interval between 
the emergence and the oviposition becomes longer. The rate of failing to form mature eggs 
was as high as 9.5% in the high density-II. The increasing interval between the emergence 
and the blood feeding suggests the reduction in the rate of females surviving till the time of 


oviposition, because the daily mortality would be cumulated. 


トー 
Q 
So 


Table 17. Rates of Aedes albopictus females 
failing to form mature eggs after 

_ -X High density-1 blood feeding, when they were 
* reared at different larval densities 


Low density lot 


co 
=) 


fez] 
© 


a 
7 if High density-II 


” Larval No. females Adine e om X 
の 


density feeding mature eggs 


a 
f=) 


no 
i=) 


Accumulative percentage of blood feeding 


Low 181 3 1:7 
0 eee 
24 48 72 96 120 High-I 49 1 2.0 
Hours after emergence 
High-II 168 16 9.5 


Fig. 5. Blood feeding activity of Aedes albo- 
pictus females reared at different 
larval densities after emergence at 
25 C. 


Experiment-4. The influence of larval density and food amount on the behaviour of resulting 
adults. 

Table 18 shows the numbers and rates of females and males recaptured at each recapture 
site in the disp rsal experiment. The recapture rate in total in the females from the low 
density lot was higher than in those from the high density-I or -II. In the low density lot, 
most females were recaptured at point A (the releasing site), and 0.2% of females were 


recaptured at point B. In the high density-I, the recapture rate at point A was 4.7%, which 
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was lower than in the low density lot, but at point B the recapture rate was 0.2%, which 
was the same as in the low density lot. In the high density-II lot, 4.8% were recaptured at 
point A, 1.0% at point B and 0.2% at point C. If the recapture rate at the releasing site 
(point A) is compared with that at the other two point B and C, it is apparent that a relatively 
small number of females from the low density lot were recaptured at point B and C than those 
from the high density-I lot and particularly from the high density-II lot. This fact suggests 
that most females from the low density lot take blood near the releasing site, while in the 
high density females, the rate of emigration from the releasing site is high. In other words, 
it is considered that more females reared at high larval densities take blood after emigration 
from the breeding site than at low larval densities. The recapture rate of males in the low 


density lot was higher than in the high density lots in total. It seems, as in the case of 


Table 18. Numbers (and percentages) of Aedes albopictus recaptured in the 
dispersal experiment 


Point-A 


au (Releasing site) Point-B Point-C Total 

t 

- Females Males Females Males Females Males Females Males 

Low density 152(15.2) 103(10.3) 2(0.2) 3(0.3) 0(0.0) 0(0.0) 154(15.4) 106(10.6) 

High density-I 27( 4.7) 69C 6.9) 100.2) 300.3) 000.0) 0(0.0) 28( 5.6) 72( 7.2) 

High density-II 48( 4.8) 一 101.0) 一 20.2) — 60C 6.0) 一 

Table 19. Daily numbers of recaptured females (and males) of Aedes albopictus 
in the dispersal experiment 
oe Low density* High density-I* High density-II** 
Recapture point 
RS ささ A B C A B C A B C 
Date — 7 
September 7 69(40) 0(2) 0@) 304) 00) 0@) 

8 | 35CD 20) 0@ | UCD 0@ 00) 
9 3106) 00) 0 @) 3C8) 00) 0@) | 12 2 0 
10 | 8C8) 00) 0) 5sC8) 0@) 00) | 19 2 0 
11 303) 00 00) 300) 0d) 010 5 2 0 
12 4(17) 0 (0) 0 (0) 1(11) 1 (0) 0 (0) 6 3 1 
13 2( 5) 0 (0) 0 (0) 0C 3) 0 (0) 0 (0) 2 1 0 
14 0C0O) 00) 0) 106) 00) 0@ | 2 0 0 
15 | 0C2) 00) 00 0C3) 0 ①) 0 (0) 1 0 0 
16 060) 0O) 0 GO) CO 10O 00) 0 0 0 
17 00) o0 0 の CD 00) 0 (0⑩ 0 0 0 
18 CO 0@ 0 (O) 0C1) 00 0) 1 0 0 
19 000) 00) OC) CD 0d) 00) 0 0 1 
20 000 0(0) 0c) CD O0@M 0 (O) 0 0 0 
21 0C0) O0@ 0 〈0) CoO 0M) 00) 0 0 0 
22 0C 1) 0 (0) 0 (0) 0C 1) 0 (0) 0 (0) 0 0 0 


* Released on September 6, 1977 
** Released on September 8, 1977 
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females, that the males from the high density lots more often migrated from the releasing site 
than those from the low density lot. 

The daily number of the recaptured females and males are given in Table 19. In the 
low density lot, the number of females recaptured on the next day of release was the 
largest, and then decreased day by day. However, in both the high density-I and-II, the 
peak in the number of females recaptured was seen 2 days after the release. This fact indicates 
that females in the high density lots took longer time the emergence to the blood feeding, 


as shown in Experiment-3. 


DISCUSSION 


As Ae. albopictus larvae breed in small containers, the eggs hatch simultaneously after 
rain and sometimes over 600 larvae can be seen in a 500 ml bottle in the field. Only a few 
larvae, however, can develop up to adults under such a condition, and moreover the develop- 
ment is very slow (Mori and Wada, 1978). It seems that the larvae of Ae. albopictus very 
commonly compete for their food, because the amount of food, which is decomposed leaves 
and small animals, is in the bottle. 

When mosquito larvae are reared at a high density level, various unfavourable effects 
are produced on their development and survival and also on some characters of resulting 
adults. For examples, there was reported that the high larval mortality and the prolongation 
of larval period are seen in the overcrowded larvae of Ae. aegypti (Bar-Zeev, 1965; Moore 
and Fisher, 1969; Moore and Whitacre, 1972; Hien, 1975), Anopheles gambiae (Gillies and 
Shute, 1954), An. quadrimaculatus (Terzian and Stahler, 1949), An. stephensi (Reisen, 
1975), Culex pipiens quinquefasciatus (Ikeshoji and Mulla, 1970 a&b), Cx. pipiens quinquefas- 
ciatus (as fatigans) (Rajagopalan et al., 1973), and Cr. tritaeniorhynchus (Siddiqui et al., 
1976). In addition to the above phenomena due to larval overcrowding, following were report- 
ed: the miniaturization of resulting adults in Ae. aegypti (Peters et al., 1969; Wada, 1965), 
the suppression of larval metabolism in Ae. aegypti (Barbosa and Peters, 1973) and Cz. 
pipiens quinquefasciatus (Ikeshoji and Mulla 1970 b), the decrease in blood volume taken up 
and also in fecundity in Ae. aegypti (Bar-Zeev, 1957) and An. stephensi (Reisen, 1975), the 
reduction of adult survivorship in Cx. pipiens quinquefasciatus (Tkeshoji and Mulla, 1970 a). 
Furthermore, the reduction of the rate of autogeny was observed in the females of Cx. pipiens 
molestus that were reared under overcrowding in their larval stage (Spielman, 1957). In these 
earlier experiments, it was often difficult to give sufficient food to larvae, because excessive 
food in the breeding water would form the scum that obstructs breathing of larvae on the 
surface of water. For this reason, Bar-Zeev (1957) used antibiotics to keep out the scum 
formation. But, this method is disadvantaged in that antibiotics would, at the same time, 
kill bacteria that are the food of mosquito larvae. In the present experiment with Ae. 
albopictus, the aeration system could prevent the scum formation on the water surface, even 
when the excess food was supplied. Therefore, the effects of the wider range of food amount 
and larval density could be examined. 


It was reported that the chemical substance excreted by mosquito larvae at high density 
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obstructs the growth and development of the larvae of their own or other species. This harmful 
substance was called the growth-retardant factor by Moore and Fisher (1969) and the over- 
crowding factor by Ikeshoji and Mulla (1970 a). Reisen (1975) also recognized, in his experi- 
ment with An. stephensi, the substance that had the same effect as the growth-retardant factor 


or the overcrowding factor. 


Also in Ae. albopictus, it seems that the chemically harmful substance is produced by 
larvae under overcrowded condition, since some of the influences by overcrowding were 
weakened by renewing the rearing water every day. This substance is considered to cause the 
delay of larval development, the increase in rate of larval death, the miniaturization of adult 
size, the decrease in fecundity and the prolongation of pre-feeding period through the slow 
development of follicles. The prolonged pre-feeding period means the increased risk to 


natural enemies, which shortens the life span of females. 


It is said, in earlier papers, that the influence of high larval density on the resulting 
adult is the miniaturization of size. Besides this influence, though Ikeshoji and Mulla (1970 a) 
showed that the survival rate of resulting adults decreased when larvae were overcrowded, 
there had been few papers dealing with the influence of larval density on the behaviour of 
resulting adults. However, the present experiment demonstrated the longer dispersal distance 


in females that experienced the higher larval density. 


In the present experiment with Ae. albopictus, the pre-feeding period of the resulting 
females became long when the larvae were reared under overcrowded condition, because the 
development of follicles was very much delayed. Reisen (1975) stated in the experiment of 
An. stephensi that the rate of females taking a blood meal was independent of the larval 
density. But in the case of Ae. albopictus, the rate of blood feeding in females resulting from 
the low larval density was higher than from overcrowded condition, when compared 2 or 3 
days after emergence. On the contrary, when compared 5 days after emergence, the blood 
feeding rate approximated irrespective of density level in the larval stage. Therefore, whether 
or not the difference in the rate of blood feeding is recognized among females resulting from 
various density levels in the larval stage may be dependent on the period from the emergence 
to the observation. | 

Most females from the low larval density level developed mature eggs after taking the 
blood meal, but with the increase of density level in the larval stage, the rate of forming 
mature eggs became slightly lower. Gubler and Bhattacharya (1971) demonstrated that some 
Ae. albopictus females require two blood meals for one oviposition. It seems that this phenom- 
enon happens not rarely in the natural population, and in fact Mori and Wada (1977) found 
that some Ae. albopictus females holding blood in their mid-guts came to feed on man in the 
field. The requirement of the second blood meal for one gonotrophic cycle prolongs the interval 
between the emergence and the oviposition and therefore decreases the survival rate until the 
oviposition. 

The Ae. albopictus adults resulting from the overcrowded larval condition dispersed 
more frequently than those from less crowded condition did. This result implies larger prob- 


ability of adult emigration from the breeding site, when the larval density in the breeding 
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water becames higher in nature. According to Nayar and Sauerman (1969 & 1970), adults 
of Ae. taeniorhynchus and some other species, reared under higher larval condition, were 
thought to have larger flight activity, because the ratio of their body weight to wing size was 
smaller. These females, reared under crowded condition, were designated as migrant phase. 
In Ae. albopictus, the presence of the migrant phase as measured by the ratio between body 
weight and wing size was not examined, but it seems certain that the females reared under 
higher larval density have more chance to migrate from the breeding site during their longer 
interval between the emergence and the blood feeding, due to their slower follicular develop- 
ment. 

The difference of the blood feeding and flight activity between adults of high density-I 
and -II in Experiment-3 and -4 can be attributed to the difference in the. physiology of 
adults due to the position in the emergence curve. This result indicates that the difference 
of the physiology and ecology in adults may be cause also by the different lengths of the 
larval period even when larvae are reared under conditions of the same larval density and 
food amount. Therefore, this should be taken in mind in experiments on the physiology and 
ecology of mosquitoes. 

It was confirmed that when larvae are reared under low density level, the larval period 
is short, the rate of adult emergence is high, and the resulting female is large in size and 
has the ability to lay many eggs. Furthermore, this female tends to stay around the breeding 
site and takes blood in a short time after the emergence. Consequently, the population of 
Ae. albopictus in an area will greatly increase. On the other hand, when larvae are reared 
under crowded conditions, the opposite tendencies are seen. After all, it can be said that 
the population of Ae. albopictus is regulated by the above mentioned processes caused prima- 
rily by the larval density. 

It seems that the population density of Ae. albopictus is approximately stable in the 
field, because the density effect, often in association with the starvation, reduces the fecundity 
of the population when the larval density is high. But, if there occurs a great change in the 
environment, for example, if many artificial containers such as jars, bottles, tin cans and 
automobile tires are discarded in the thicket near the human habitation, adult Ae. albopictus 


in the area might increase to a tremendous number. 
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ヒト スジ シマ カ に お ける 幼虫 密度 と 餌 の 量 の 影響 
森 章夫 (長崎 大 学 医学 部 医 動 物 学 教室 ) 


ヒト スジ シン マカ の 幼虫 は 主として 小さ な 容器 に 発生 する . この よう な 発生 水城 で は 餌 の 量 は 限ら れ 
て お り , 多数 の 幼虫 が 発生 し た 場合 , 幼虫 すべ て が 十分 な 栄養 を 摂取 し て いる と は 考え られ な い . そ 
こ で 高密 度 あ る い は 餌 不 足 か ヒト スジ ンマ カ の 発生 と 生存 た に およぼす 影響 に た に ついて, 種々 の 幼虫 密度 
と 餌 の 量 を 組み 合せ た 実験 条件 下 で 飼育 し 観察 を 行っ た . TORR, 幼虫 の 密度 が 高く , 餌 の 量 が 少な 
いと き は 幼虫 期間 の 延長 、 幼虫 期 の 死亡 率 の 増加 , 羽化 成虫 の 小型 化 , 卵巣 小 管 数 の 減少 , WOR 
遅延 が み ら れ だ た. 餌 は 実験 開始 時 に 投入 し た まま で , 水 の 交換 も し な い 場 合 に は , 幼虫 1 匹 あ た り の 餌 
の 量 が 同じ で あっ て も 容器 あたり の 幼虫 密度 が 高い と 幼虫 の 死亡 率 の 増加 , 幼虫 期間 の 延長 が み ら れ 
た . し か し , 餌 と 水 を 毎日 取り 換え て や る と この 影響 は 小さ く な っ た り , な く な っ た り し た . これ は 高 
密度 で 飼育 され た 収 幼虫 は 他 の 個体 の 発育 に と っ て 有害 な 化学 物質 を BRET SEV 2 報告 を 確認 する 
こと と な っ た . 幼虫 密度 の 影響 は 装 化成 虫 の 吸血 , 分 散 行 動 に も お よん で いる . 幼虫 を 低 容 度 と 高密 
度 の 二 段 階 で 飼育 し , 羽化 成虫 に 24 時間 毎 に マウス を 吸血 源 と し て 与え そる と , 両 密度 区 と も 羽化 48 時 
間 後 か ら 吸 血 を 始め る . し か し , 低 密 度 区 は 急速 た 吸血 率 が 上 圧する の に 対し , 高密 度 区 の 方 の 吸血 
率 の 上 昇 は ゆっ くり し て お り , 120 時 間 後 に な っ て よう や く 低 密度 区 の 吸血 率 に 近く な る . 吸血 し た 雌 
を 3 日 後に 解剖 し て みる と 高密 度 区 の 方 が 低 密 鹿 区 より 成就 卵 を 形成 し な い 率 が 高い 次 に 両 密度 区 
か ら の 羽化 成虫 を 野外 に 放し て 翌日 か ら 放 逐 地 点 を 含む 3 カ所 で 人 隅 に 集まる も の を 回 収 し た . (RH 
度 区 の 方 は 放逐 地点 で 多く の も の が 回 収 さ きれ た の に 対し , 高密 度 区 の 方 は 低 密度 区 に 較べ 放逐 地点 で 
の 回 収 率 は 低かっ た が 放逐 地点 以外 で の 回 収 率 は 高かっ た . 回 収 き れ た 日 を 両 密度 区 の 間 で 較べ て み 
る と 低 密度 区 の 方 は 放逐 し た 直後 に 最も 多く 回 収 さ れ た の に 対し , 高密 度 区 の 方 は 放逐 2 日 後に 最も 
多かっ た . これ ら の こと か ら 幼 虫 が 高密 度 に な っ て いる 発生 水域 か ら 羽化 し た 雌 は , 羽化 か ら 吸 血 ま 
で の 期間 が 長い た め , その 間 に 発生 水域 の 付近 か ら 移 出す る も の が 多く な り , 吸血 する まで 生存 する 
率 も 低く な る . また 吸血 し て も 成熟 卵 を 作ら な い 雌 の 率 も 多少 高く な る の で , 実質 的 に は 吸血 前 期間 
は 更に 長く な る . 野外 の ヒト スジ シン マカ に と っ て 幼虫 の 過密 状態 は 租 の 不足 に 結び つい て お り , それ 
は 幼虫 の 発育 の みな ら ず 羽化 成虫 の 生存 率 , 増殖 率 に まで 悪い 影響 を お よ ほ ぼ ほし て いる . これ ら の こと 
か ら 幼虫 が 発生 水城 で 過密 に な っ た と き 次 世代 の 密度 を 下げ る よう な 作用 が 働き , 水城 内 の 幼虫 密度 
を 安定 させ て いる と 考え られ る . 従っ て , ある 地域 に お ける ヒト え スジ シマ カ の 発生 数 は 発生 水域 の 量 
(に よる も の と 考え られ る . 


